Pulsed power technology has grown rapidly during the last decade. Particular credit is due to research efforts at United Kingdom Atomic Weapons Research Establishment (AWRE). The largest machine presently in operation is the Sandia Laboratories Hermes II which has produced a 170 kA beam of electrons at energies of 12 million volts for times of 100 ns. This paper reviews the design and performance of the Hermes II and includes data from Hermes I, a prototype.
General Description
The Hermes machines are based on accelerator principles described in the literature.1'2'3 The component parts are a low-inductance Marx generator,4 a Blumlein transmission line, and a vacuum tube where the electron beam is formed and accelerated.
All high voltage portions of the generator are submerged in transformer oil for insulation.
Hermes II Description
The Hermes II components are housed in a steel cylinder measuring 85 ft long and 22 ft in diameter and containing approximately 150,000 gal of oil.
Hermes II is shown in Figure 1 . by the AWRE group that uniform field voltage breakdown levels of oil depend on time, electrode area, and applied field.
The AWRE generated curve showing these effects is shown in Figure 2 . F is the peak electrical field in megavolts per centimeter, t is in microseconds and is defined as the time during which the voltage exceeds 63 percent of its peak voltsge, and area is in cm2.
At the beginning of the Hermes program, the largest area oil breakdown data point was at lo4 cm2. Tnis is less than the combined area of 3.4 x 10b cm2 of the Hermes II Blumleins. Table I shows the presently achieved levels of oil stress of the Hermes program. One of the 12-inch-diameter high density polyethylene supports in the Blumlein section (shown in Figure 1 The Hermes II tube was tested in several configurations.
First a Lucite tube with a four foot outside diameter was tested in a 72 inch and 88 inch length.
The tube presently being used is an epoxy unit which has no sharp protrusion into the insulator body and the complete unit is shown in Figure 3 .
Severe dendriting occurred on the Lucite tube at all sharp internal corners of the insulator. This included "0" ring grooves and metal grading ring structures.
All intrusions into the epoxy tube were eliminated by extending the grading rings through the epoxy into the oil and using captive "0" ring grooves in the grading rings. Figure 4 . It was hypothesized that this prepulse voltage causes plasmas to form inside the tube.
These plasmas then act as electron sources during the main pulse.
Thus, the apparent geometrical shape of the cathode was not the electron emitting shape during the main pulse.
As a verification, an experiment was conducted to determine the approximate voltage level at which the plasma formation occurs by simulating the prepulse voltage across a tube structure. A Marx generator capable of generating 500 kV pulses with an approximate time period of .3 us was assembled and operated across the Hermes I x-ray tube.
An impedance of 1000 R in the anodecathode gap could be detected by the recorded voltage measurements.
Data consisted of voltage measurements across the tube and photographs of the anode-cathode gap. Other parameters varied were tube pressure and cathode configuration.
ouring the experiment the time coincidence between the voltage trace and the plasma glow was verified by a streak camera.
A typical anode-cathode gap of approximately three inches was used for these experiments.
A summary of the data is given in Table II with the scaled cathode shapes shown in Figure 5 . There exists at least a factor of three in the breakdown voltage between sharp pointed and smooth blunt cathodes. 3. Short blunt Lucite cathodes ionize at levels similar to sharp, pointed metal rods.
4.
Only a negative pulse was used on these experiments.
The pulse actually alternates polarity and lower breakdown voltages probably occur during actual machine operation.
In subsequent experiments, a simple hemispherical tipped or blunt cathode has been utilized to minimize plasma formations.
The elimination of these plasmas has allowed analysis of the electron trajectories using a computer code written and modified by J. E. Beers.'
A simple result has been obtained from this complicated computer program which relates the steady state tube impedance to simple geometric parameters. The computer program predicts a halo type distribution of electrons across the target surface which is observed. Typical computer electron trajectories in the anode-cathode region are shown in Figure 6 . These results show another important phenomenon which causes problems with the electron trajectories.
Electrons emitted along the shank can be trapped by the magnetic fields caused by the currents in the anode-cathode gap. A reasonably accurate derivation can be made by finding the condition where the electric field forces equal the magnetic field forces on a relativistic electron between the cathode shank and its container. If ZT is less than 60 Iln b/a, the emitted shank electrons return rapidly and are essentially confined to the shank by the magnetic field.
If ZT is greater than 60 en b/a, the shank electrons cross the tube and strike the container walls lowering the apparent tube impedance and sometimes cause damage. Thus, given a ratio of diameters between an emitting cathode shank and its container, the upper bound on tube impedance is established. This relationship places limitations on future large flash x-ray generators unless some circumvention of the problem can be found. 
